Lake Zbęchy is situated in the General Chłapowski Landscape Park, which is the model of a rural area that has been subjected to agricultural pressure for many years. Over a thirty-year period serious changes in the plant associations of Lake Zbęchy have occurred. The maximal depth of plant occurrence decreased from 3.6 m in 1976 to 2 m at present. The area overgrown by submerged macrophytes decreased from 13 to 0.2 ha. The community of Nitellopsidetum obtusae that dominated the belt of submerged plants during the 1970s has entirely disappeared from the lake. The decreasing phytolittoral area in the lake is the result of progressive lake eutrophication and water pollution. The transformations of reed and sedge communities are of a partially natural and partially anthropogenic character. The ecological status of the lake has 1 Corresponding author: hanna-goldyn@wp.pl
INTRODUCTION
Distinct water and marsh ecosystem sensitivity to human impact as well as the resultant vegetation transformation are discussed in numerous publications (e.g., Fijałkowski et al. 1994; Jasnowska 1995; Bacieczko 1996; Królikowska 1997; Lorens et al. 1998; Solińska-Górnicka and Romański 1998 , Chmielewski 2006 , Piórkowski and Dembek 2006 . Various anthropogenic factors and the way they influence flora and plant associations in these invaluable ecosystems are presented. The authors emphasized that rare communities and plant species become extinct first and are then replaced by very common species and those resistant to human impact. Also described are attempts to restore them (e.g., through biomanipulation or decreasing pollution inflow) and the results of these measures. However, most of the data are of a qualitative nature. Thus, there is an urgent need to study the quantitative transformations of the flora and vegetation over a longer period.
The aim of research presented in this paper was to estimate quantitatively the natural and anthropogenic transformation of the vegetation in Lake Zbęchy during the period of the last thirty years .
MATERIALS AND METHODS
The lake is situated in the General Chłapowski Landscape Park, which is the model of a rural area that has been subjected to agricultural pressure for many years. The area of Lake Zbęchy is 108.9 ha with a maximal depth of 8.5 m. It is surrounded by cultivated fields, meadows, and village buildings. The largest threat to the water and marsh plant associations in the past was amelioration processes and the pollution of surface waters and the catchment area with nitrogen of agricultural origin (Ryszkowski et al. 2002) . Nowadays, in addition to excessive fertilization, the slaughterhouse operation and angling in the lake have become significant threats.
In light of the implementation of European Union regulations into Polish law and the requirements of Council Directive 91/676/EEC for the protection of waters against nitrogen pollution, Lake Zbęchy is recognized as threatened with excessive nitrate loads from agricultural sources and its catchment area is exposed to the risk of nitrate pollution.
The lake was dammed slightly by the weir build at its outflow in the 1980s, and this caused an increased and more stable water level.
The studies on the current state of vegetation in Lake Zbęchy were carried out from January to September 2006. The range of emergent macrophytes was measured in winter months with GPS on the frozen surface of the lake and was used to prepare a temporary map. The patches of plant associations were plotted on this map in the vegetative season. The surface of particular communities was measured with the MIKROMAP computer program. Field surveys of the communities were conducted from June until September 2006. The classification of water plant associations was done according partly to Brzeg and Wojterska (2001) and partly to Matuszkiewicz (2001) .
The ecological state of Lake Zbęchy was estimated using the macrophytebased index of the ecological status of lakes (ESMI) (Rejewski 1981 , Kolada and Ciecierska 2003 , Ciecierska 2004 
where: ni -area occupied by patches of plant community, expressed as a percentage of the total phytolittoral area N -total phytolittoral area (100%) Z -colonization index, calculated as the ratio of N and water surface area limited by the 2.5 m isobath (in Lake Zbęchy it is 28.1 ha):
H max -maximal value of phytocoenotic diversity index:
where: S -number of communities in the phytolittoral The natural age of the lake was calculated using an equation for succession product (Ps) (Kolada and Ciecierska 2003) :
The ecological status of the lake was estimated according to this method taking into account only typical water associations and omitting shrub and forest vegetation.
The analysis of quantitative and qualitative changes over the last 30 years was possible by comparing of the present state of vegetation with published and unpublished papers from the 1970s (Gołdyn 1983 (Gołdyn , 1984 . The size of association patches in the past were measured from the exact map made based on measurements done with theodolite on the frozen surface of the lake and completed in the vegetation season of 1976.
RESULTS
The studies showed that during the thirty-year period of 1976-2006 serious changes occurred in the plant associations of Lake Zbęchy. The maximal depth to which submerged plants currently thrive is 2 m, while in 1976 they developed up to 3.6 m. This caused a reduction in the total phytolittoral area of 50%. The most important changes have occurred in the belt of submerged plants. This area decreased by over 60 times, i.e., from 13 to 0.2 ha. In total, the presence of 20 plant associations was noted in 2006 and 19 in 1976 (Table 1) . However, in the belt of submerged plants as many as five associations disappeared, whereas five new were found in the helophyte zone. The association Nitellopsidetum obtusae that dominated the submerged plant belt during the 1970s, has disappeared from the lake. Patches of it had reached the farthest distances from the shore. They developed parallel to the reed belt, along a longer segment of the shoreline. Large areas in shallower places between Nitellopsidetum obtusae and the reeds were occupied by the community with Fontinalis antipyretica, which is also extinct. Potamogeton lucens and its association, phytocoenoses of Myriophylletum spicati and Potametum perfoliati, also disappeared from the lake.
The greatest patches of submerged plants are currently noted in a large, shallow bay with a slight slope and a lack of emergent macrophytes near the village of Zbęchy. The largest areas are occupied by phytocoenoses of Najadetum marinae; although these are three times smaller than in the 1970s. Patches of this association have disappeared in the bays of the western and eastern parts of the lake. Areas overgrown with Potamogeton pectinatus have also decreased significantly. They are currently noted only in a large bay in the village and nearby, while in the 1970s they were widespread along the shoreline, especially in the places without emergent macrophytes (with direct access to the water). A patch of Zannichellietum palustris, which was not noted in the 1970s, is currently developing in the very shallow littoral zone (to 20 cm) near the village of Zbęchy.
The belt of plants with floating leaves is rather scarce, but the surface of its only association, Nupharo-Nymphaeetum albae, has increased more than 20 times in comparison to the 1970s measurements.
There are currently 16 plant communities distinguished in the belt of emergent plants, whereas in 1976 there were 11. In total, the area occupied by emergent plants has increased by 1.6 ha (from 15.7 ha to 17.3 ha). The largest areas are occupied by phytocoenoses of Phragmitetum communis. The area it Acoretum calami -68
Caricetum acutiformis 14465 5182
Thelypteridi-Phragmitetum 3570 10092
Caricetum ripariae 185 20
Phalaridetum arundinaceae -1382
Caricetum distichae -423
Caricetum gracilis -40
Salicetum cinereae 9500 32281
Carici elongatae-Alnetum -6414
occupies did not change significantly during the 30-year period, similarly to the second important community of the reed belt, Typhetum angustifoliae. A common characteristic between these two communities is the decreasing size of patches in the water (typical variant) and the spreading of patches on the emergent, but wet, areas along the shores (variant with Mentha aquatica).
Outside of them, the expansion of Thelypteridi-Phragmitetum and Salicetum cinereae phytocoenoses were noted. The area occupied by Caricetum acutiformis has decreased almost three times. Its place is being taken over by patches of Salicetum cinereae, Phragmitetum communis variant with Galium palustre and Typhetum angustifoliae variant with Mentha aquatica as well as phytocoenoses which were not noted in the 1970s like Phalaridetum arundinaceae, Caricetum distichae, Caricetum gracilis, Carici elongatae-Alnetum and, in a very small area, Acoretum calami. Areas that were overgrown by Scirpetum maritimi, Cladietum marisci and Scirpetum lacustris, have also decreased significantly.
Species alien to Polish flora that were not present in the 1970s are currently noted in the belt of emergent plants. There were four kenophytes (Acorus calamus, Bidens frondosa, Bromus carinatus, Echinocystis lobata) and one diaphyte (Cerasus avium) among them.
The ecological state of the lake declined significantly in the period between the studies (Table 2 ). According to the Water Framework Directive, it is currently estimated to be sufficient, but the value of the ESMI, currently at 0.21, only slightly exceeds values characteristic for lakes with bad ecological states (0.20-0.00). In 1976 the ecological state of the lake was good.
Table 2
Lake status based on macrophytes.
Variables 1976 2006
Number of phytocoenons 21 20 The value of the synanthropization index increased in the last thirty years from 0.55 to 0.79. On the other hand, values of the phytocoenotic diversity and colonization indexes and succession product decreased. Based on these evaluations in 1976, the level of lake development in the succession process would have been declared as between mature and aging. In 2006 it was classified as definitely aging.
DISCUSSION
The results presented prove that important changes in species composition and surface areas occupied by vegetation in Lake Zbęchy have happened during the last thirty-year period. These changes have led to the decreasing natural value of this the largest water body in the General Chlapowski Landscape Park.
Valuable plant associations like Nitellopsidetum obtusae, Myriophylletum spicati, Najadetum marinae, Potametum lucentis, Cladietum marisci, and Scirpetum maritimi, considered as endangered in the Wielkopolska Region (Brzeg and Wojterska 2001) , have either disappeared or decreased their areas of occurrence in the lake. Changes in the zone of submerged plants and especially the disappearance of some associations and decreasing phytolittoral area, are evidence of progressive eutrophication and water pollution. Low water transparency has limited submerged plant development to shallow places. Bad light conditions in deep water and devastation by anglers in shallow waters is the reason for vanishing patches, even of Potametum pectinati, which is an association that is resistant to eutrophication and pollution processes (Matuszkiewicz 2001) .
The appearance at present of cyanobacteria blooms in the lake, which were not observed in the past, can be linked to the disappearance of submerged macrophytes, especially the extinction of Nitellopsidetum obtusae that dominated this area thirty years ago.
The ability of stoneworts to win the competition with phytoplankton is known from the literature (Kufel and Ozimek 1994, van Donk and van de Bund 2002) ; however, this occurs in mesotrophic rather than in eutrophic water bodies (Matuszkiewicz 2001) . The withdrawal of stoneworts along with the eutrophication progress was also observed in small water bodies in the General Chlapowski Landscape Park (Arczyńska-Chudy and Gołdyn 2003) . The appearance of the Zannichellietum palustris in Lake Zbęchy also indicates there is increased water pollution. This association is admittedly endangered and rare in the Wielkopolska Region, but it does occur in hypereutrophic lakes with highly disturbed biological balance and muddy bottom with decay processes (Podbielkowski and Tomaszewicz 2001, Matuszkiewicz 2001 ).
Water turbidity did not prevent the development of patches created by Nuphar lutea, the leaves of which reached the water surface in the spring, before the strong water bloom. It was the main reason why the association of Nupharo-Nymphaeetum albae, with the dominance of Nuphar lutea, significantly increased its area of occurrence in Lake Zbęchy over the last thirty years, despite its status as endangered in the Wielkopolska Region.
The changes in the belt of submerged vegetation have certainly been caused by human impact, especially that stemming from the agricultural exploitation of the lake's drainage area. The impact of anglers has also been significant. The number of angling stations and piers along the lake shoreline indicates there has been an increase in their influence during the last thirty-year period as there were about fifty stations thirty years ago and about 150 presently.
Transformations of reed and sedge communities are partially of a natural and partially of an anthropogenic character. The decrease of areas covered by Caricetum acutiformis and the development in these places of associations such as Salicetum cinereae, Carici elongatae-Alnetum, Thelypteridi-Phragmitetum, Phragmitetum communis variant with Galium palustre or Typhetum angustifoliae variant with Mentha aquatica, is the effect of natural succession after the resignation of meadow mowing or water level rising in emergent plants zone as a result of the construction of the weir at the outflow from the lake. In turn, the appearance of Caricetum distichae (an association considered to be endangered in Wielkopolska) in emergent plant belts and in places occupied before by the patches of Caricetum acutiformis, proves rather that these areas are drying.
Acoretum calami and Phalaridetum arundinaceae are other new associations. The former, which occupies small areas so far, develops widely in fertile water that is under constant human impact and the constant inflow of larger amounts of phosphorus and nitrogen compounds (Tomaszewicz 1979 , Kłosowski 1992 , Matuszkiewicz 2001 ). The latter community, which is common in the Wielkopolska Region, also spreads as a result of anthropogenic stress (Brzeg and Wojterska 2001) .
Within the studied associations the appearance of plant species considered to be alien to Polish flora, (Acorus calamus, Bidens frondosa, Bromus carinatus, Echinocystis lobata and Cerasus avium), that were never noted in the 1970s, is also important evidence of changes caused by human impact (Zając et al. 1998) .
The problem of the disappearance of rare submerged plant associations under human impact and the spreading of others on a wide ecological scale has also been observed in Wielkopolski National Park; however, such changes in plant associations resulting from natural variables have also been reported in Poleski National Park Pełechaty 2001, Pełechaty and Sugier 2002) . Ciecierska et al. (2002) describe similar changes in the Polesie Region's Lake Zagłębocze, where rare stonewort species are now extinct because of the deterioration of water quality stemming from intense human impact. The disappearance of stoneworts for the same reasons was also reported in Lake Mikołajskie (Solińska-Górnicka and Symonides 2001), in the Sejny Lake District (Kłosowski et al. 2004) , and in other lakes of northeastern Poland (Kłosowski et al. 2006) .
Changes of vegetation in lakes under increasing tourist and angling stress were documented in aquatic basins in the Międzychodzko-Sierakowskie Lakeland by Wojterska and Nagengast (1995) .
The increase of the synanthropization index from 0.55 to 0.79 in Lake Zbęchy illustrates the increase in the degree of the anthropogenic metamorphoses of flora over the past thirty years. These are reflected in changes of the ecological status of the lake, which is currently estimated as sufficient, but on the borderline with bad. Previously, it was estimated as good. The sporadic occurrence of stoneworts at present as well as that of most other species noted in the 1970s, permit predicting that it is possible to stop or reverse the changes through water quality improvement. The disappearance of submerged plants as a result of agricultural pressure after 1960 is also observed in Dutch lakes (Meijer 2000) , where biomanipulation was used to improve water quality and made possible the recolonization of the lakes by submerged macrophytes, firstly stoneworts.
The improvement of the ecological status and increased depth of occurrence of submerged plants have also been noted in Łękuk Wielki Lake in Puszcza Borecka (Kolada and Ciecierska 2003) as well as in the restored Lake Długie in Olsztyn (Ciecierska 2006) .
